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Clinical Article 



Prognostic Factors of Neurocognitive and Functional 
Outcomes in Junior and Senior Elderly Patients 
with Traumatic Brain Injury Undergoing Disability 
Evaluation or Appointed Disability Evaluation 

Young-Jin Jung, M.D., 1 Oh-Lyong Kim, M.D., 1 Min-Su Kim, M.D., 1 Eun-Jin Cheon, M.D., 2 Dai-Seg Bai, Ph.D. 2 

Departments of Neurosurgery, 1 Psychiatry, 2 College of Medicine, Yeungnam University, Daegu, Korea 

Objective : This study explored the relationships among demographic (DVs) and clinical variables (CVs), neurocognitive (NOs) and functional 
outcome (F0) that could be used as prognostic factors for old aged patients with traumatic brain injury (TBI) undergoing or appointed disability 
evaluation (DE) after treatment. 

Methods : A total of 1 62 subjects with TBI above the age of 55 years undergoing DE or appointed to do so after treatments were selected. The pa- 
tients were divided into two subgroups according to age : a junior elderly group 55 to 64 years old and a senior elderly group over the age of 65. 
NOs and FO were evaluated using the Seoul Neuropsychological Screening Battery and Clinical Dementia Rating scale. 

Results : Gender, age, and education level were shown to significantly impact the recovery of NOs after TBI. Other DVs and CVs such as area of 
residency, occupation, type of injury, or loss of consciousness were not found to significantly affect the recovery of NOs after TBI. Analysis of the re- 
lationships among DVs, CVs and NOs demonstrated that gender, age, and education level contributed to the variance of NOs. In FO, loss of con- 
sciousness (LOC) was included to prognostic factor. 

Conclusion : Gender, age and education level significantly influence the NOs of elderly patients with TBI. LOC may also serve as a meaningful prog- 
nostic factor in FO. Unlike younger adult patients with TBI, old aged patients with TBI did not show global faking-bad or malingering attitudes to DE 
for compensation, but assume that they could faking their performance in a test set available visual feedback. 

Key Words : Advanced age ■ Traumatic brain injury • Prognosis • Gender ■ Education. 



INTRODUCTION 

Populations worldwide started to enjoy significantly longer life 
expectancies starting in the 20th century due to improved medi- 
cal care and economic/social development. According to the 
Health and Affair Forum on "The Life Expectancy and Health- 
Adjusted Life Expectancy of Koreans" 11 ', the life expectancy at 
birth in Korea was 80.7 years (76.8 years for males and 82.92 
years for females), and 29.4% of individuals over 65 years old 
still maintain careers 211 . Given this aging revolution, it is fitting 
that the number of neurocognitive studies on elderly popula- 
tions has increased greatly in the past decade 14 '. However, brain 
injury or other physical trauma in old aged patients has not been 
the subject of disability evaluations or other forensic studies. 



Some studies have evaluated morbidity and mortality associated 
with brain injury in old aged populations and suggested that 
higher rates of mortality in older patients as well as neurologic 
deficits, even mild ones, result in poor prognosis 18,19 '. Significant 
prognostic factors could serve as a gold standard for disability 
evaluations to determine indemnification or compensation. 
However, characteristics of brain injury in old aged Koreans 
have not been extensively studied, and advanced age is only part 
of a negative prognosis 5 '. Furthermore, poorer outcomes of old 
aged patients with brain injury are not yet sufficiently explained 
by physiological monitoring data. In particular, reduced vascular 
versatility is likely to contribute to this occurrence 6 '. 

Studies of adult patients who have suffered brain injury or 
stroke demonstrated how age and injury severity are likely to 
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interact given that increased age enhances the impact of injury 
severity. When injury severity is not taken into account, age 
alone does not appear to significantly impact the outcomes of 
young to middle aged patients 14 '. In another study of prognostic 
factors for adults with brain injury, higher levels of education 
were found to be associated with good prognosis regardless of 
Glasgow Comma Scale (GCS) scores 10 '. Additionally, they sug- 
gested that younger individuals showed better memory reten- 
tion with the exception of patients who sustained severe traumat- 
ic brain injury (TBI), but in the severe TBI group, the meaningful 
effect of demographic variables was not noted by the cause of 
influence of severe brain injury. A systematic review of prog- 
nostic factors impacting the ability to return to work after sus- 
taining brain injury provided strong evidence that the length of 
inpatient care is a negative prognostic factor while other factors 
do not appear to have any effect or have a minimal relationship 
with the overall prognosis 23 '. 

In a disability evaluation to determine indemnification or 
compensation for a loss, disability severity is based on patient 
status including demographic variables such as age, gender, ed- 
ucation level, and career; clinical variables including GCS scores, 
radiological findings, physiological data collected just after brain 
injury, neurocognitive test results, and other functional datum 
on a status at now under disability evaluation. However, patient 
age is typically not considered for disability evaluation because 
age-matched individuals are compared in these types of assess- 
ments, thereby taking into account the normal aging process, 
particularly for older patients. In the present study, we evaluat- 
ed neurocognitive and functional outcomes according to de- 
mographic and clinical variables as prognostic factors, and 
compared outcomes between junior and senior elderly patients 
for assess the effect of age old patients with TBI. 

MATERIALS AND METHODS 

Subject selection 

A total of 506 patients above the age of 55 years who received 
hospital or ambulant treatment for a brain injury from April 
2004 to August 2011 were recruited under an approved guide- 
line for this retrospective study from the Institutional Review 
Board. From this group, 174 patients (34.0%) that had actually 
undergone disability evaluation, had been asked to this type of 
evaluation, or would do so in the future. Finally, seven patients 
(1.4%) with premorbid neurological abnormalities and five in- 
dividuals (2.0%) who could not complete neurocognitive func- 
tion tests due to a severe brain injury were excluded, leaving a 
total of 162 patients (32.0%) in the final study cohort. 

Study procedure 

The patients were divided into two groups based on age : a ju- 
nior elderly (JE) group 55 to 64 years old and a senior elderly 
(SE) group over the age of 65 years. The relationship between 
neurocognitive and functional outcomes, demographic vari- 



ables (including age, gender, educational levels, and occupa- 
tion), and clinical variables (the cause of head injury, main 
types of head injury, loss of conscious, operation, comorbidity, 
hospitalization, and time between head injury and assessment) 
were evaluated. Furthermore, functional outcome was com- 
pared as same procedure, as also. Finally, we had assessed pre- 
dicting values of all of variables for functional outcomes [Clini- 
cal Dementia Rating (CDR)-O-CDR-l : most improved group 
vs. CDR-2-CDR-5 : mild improved group]. 

Neurocognitive outcomes were assessed using the Seoul Neu- 
ropsychological Screening Battery (SNSB) that includes stan- 
dardized and validated tests for measuring a variety of cognitive 
functions 12 '. The SNSB was administered in a standardized 
manner as part of a neurocognitive evaluation. Functional out- 
comes were evaluated using Korean Version of Expended CDR 
scale 4 '. Testing was performed only when the participants were 
medically stable and could provide meaningful information. 
On average, testing was performed 20.90 (±34.92 standard de- 
riation) months after injury. 

Neurocognitive tests for evaluating neurocognitive 
outcomes 

All patients underwent the SNSB to assess attention, language 
abilities, praxis, and the four elements of Gerstmann syndrome, 
calculation, body part identification, visuoconstructive func- 
tion, verbal and visual memory, and frontal/executive func- 
tions. Subtests that provided numeric scores were also per- 
formed for comparison. These tests included the mini-mental 
status examination (MMSE) to calculate low and standard gen- 
eral mental state scores, a digit span test to measure attention 
span, the Korean version of the Boston naming test to obtain 
confrontational naming scores, the Rey-Osterrieth complex fig- 
ure test to measure visuospatial functioning and visual memo- 
ry, the Seoul verbal learning test to assess verbal memory abili- 
ties, a test of semantic fluency (animals and supermarket items), 
and the Stroop test (correct number of responses for reading 
words and naming the color of the font for 112 items during a 
2-minute period). Age-, gender- and education-specific norms 
for each of the above tests based on assessments of 447 normal 
Korean participants were used for comparison 12 '. 

Korean version of Clinical Dementia Rating Scale 

CDR is broadly accepted by clinicians as a staging measure for 
dementia, and although primarily developed for use in Alzheim- 
er's disease, it has been employed for evaluation of non- Alzheim- 
er dementias and as main index for functional impairments of 
old age with neurocognitive impairment in almost of disability 
evaluation 8 '. CDR was developed at the Memory and Aging Proj- 
ect at Washington University School of Medicine in 1979 for the 
evaluation of staging severity of dementia and is a clinical staging 
instrument of dementia that combines 6 domains of cognitive 
and functional performance : memory, orientation, judgment 
and problem solving, community affairs, home and hobbies, 
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and personal care 151 . We used Korean Version of Expanded 
CDR; CDR-0=none, CDR-0.5=questionable, CDR-l=mild, 
CDR-2=moderate, CDR-3=severe, CDR-4=profound, CDR- 
5=terminal 4) . 

Statistical analysis 

Descriptive statistics were calculated to determine the influ- 
ence of different demographic variables on the recovery of neu- 
rocognitive functions following TBI. Two-way analysis of varianc- 
es and a t-test were conducted to assess the overall differences 
between demographic and clinical variables, and result of the 
SNSB for each TBI subgroup. Multiple linear regression analy- 
ses were conducted to predicting the relationship between neu- 

Table 1 . Demographic data for the 1 62 subjects 



Variables 


JES (n=85, %) 


SES (n=77, %) 


Total (n=162, %) 


Gender 








Male 


59 (36.4) 


56 (34.6) 


115 (71.0) 


Female 


26 (16.0) 


21 (13.0) 


47 (29.0) 


Age (years) 








55 to 59 


33 (20.4) 




33 (20.4) 


60 to 64 


52 (32.1) 




52 (32.1) 


65 to 69 




39 (24.1) 


39 (24.1) 


70 to 74 




22 (13.6) 


22 (13.6) 


75 to 80 




16 (9.9) 


16 (9.9) 


Mean+^D 


£f\ 1 i' i ~> no 


-7(-\ i o_l_ A 1 "7 

/U. 38+4.37 


65.02+6.34 


Marital status 








Married 




DO \*±V./ ) 




Widowed 


7 (4.3) 


9 (5.6) 


16 (9.9) 


Other 


4 (2.5) 


2(1.2) 


6 (3.7) 


Years of education 








0-3 


9 (5.6) 


21 (13.0) 


30 (18.5) 


4-6 


42 (25.9) 


32 (19.8) 


74 (45.7) 


7-9 


14 (8.6) 


8 (4.9) 


22 (13.6) 


10-12 


15 (9.3) 


9(5.6) 


24 (14.8) 


More than 13 


5(3.1) 


7(4.3) 


12 (7.4) 


Mean±SD 


6.68±4.10 


5.46±4.93 


6.01±4.54 


Occupation 








Unemployed 


7(4.3) 


5(3.1) 


12 (7.4) 


Unskilled laborer/farmer 


69 (42.6) 


65 (40.1) 


134 (82.7) 


Merchant 


6(3.7) 


4(2.5) 


10 (6.2) 


Clerical worker 


3 (1.9) 


3(1.9) 


6(3.7) 


Place of residence 








Urban 


46 (28.4) 


31 (19.1) 


77 (47.5) 


Rural 


39 (24.1) 


46 (28.4) 


85 (52.5) 


Cause of visit 








Disability evaluation 


45 (27.8) 


46 (28.4) 


91 (56.2) 


Forensic affair 


3(1.9) 


3(1.9) 


6(3.7) 


Disability assessment for 


31 (19.1) 


42 (25.9) 


73 (45.1) 


insurance 








Disability assessment for 


11 (12.9) 


1(1.3) 


12 (7.4) 


other propose 








Treatment 


40 (24.7) 


31 (19.1) 


71 (43.8) 



JES : junior elderly subjects, SES : senior elderly subjects, n : number of subjects, SD : standard deviation 



rocognitive outcomes and demographic or clinical variables 
and the relationship between neurocognitive outcomes and 
functional outcome. Logistic regression analyses were conduct- 
ed for functional outcomes by neurocognitive outcomes, de- 
mographic or clinical variables, p-values <0.05 were considered 
significant and data analysis was performed using SPSS version 
20.0 (MS Windows Release 20.0) 

RESULTS 

Characteristics of demographic and clinical variables 

Premorbid demographic characteristics of the two groups are 
presented in Table 1. No statistically significant differences were 
observed. The TBI patients (n=162) were 
predominantly male (71.0%) with a 
mean age of 65.02±6.34 years and an av- 
erage of 6.01±4.54 years of education. 
The percentage of married participants 
was 86.4% and 52.5% resided in a rural 
area. Occupations at the time of injury 
were as follows : unskilled laborer/farmer 
(82.7%), merchants (6.2%), unemployed 
(7.4%), and clerical workers (3.7%). Over 
half (56.2%) of the patients had under- 
gone a disability evaluation, and disability 
evaluation would be needed after treat- 
ment for the remainder. 

Clinical characteristics of the TBI gro- 
ups are presented in Table 2. The causes 
of TBI were traffic accidents as a pedes- 
trian (54.3%), traffic accidents while in a 
car (33.2%), industry calamities (12.3%), 
and other occurrences (1.2%). The types 
of head trauma sustained included brain 
hemorrhage (95.2%), cerebral contusion 
(67.3%), cerebral hematoma (15.0%), 
diffuse axonal injury (11.8%), cerebral 
concussion (8.6%), and unknown inju- 
ries (15.8%). Loss of consciousness was 
experienced by 64.8% of the patients, 
39.5% required an operation, 100.0% 
were hospitalized, and incidence of co- 
morbidity due to the cause of TBI was 
66.0%. The mean time interval between 
brain injury and assessment was 20.90± 
34.92 months. 



Comparisons of neurocognitive 
outcomes between and among 
demographic variables 

Comparisons between the junior el- 
derly subjects (JES) and senior elderly 
subjects (SES) groups based on age did 
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not show any significant differences for any of the neurocognitive 
outcomes and CDR score. Significant difference in low scores for 
MMSE (p<0.05), confrontational naming (p<0.01), and generative 
naming (p<0.05) were observed according to gender, but the in- 
teraction effects between gender and age group were not statisti- 



cant. Operated patients had shown poorer performance than 
not operated patents at confrontational naming (p<0.05), but 
the interaction effects between operations and age were not sta- 
tistically significant. Comorbidity had not shown any statistical 
significance in any neurocognitive outcomes, and the interac- 



cally significant (Table 3). Significant 
difference in standard scores for MMSE 
(p<0.0f ), attention (p<0.0f ), visuospatial 
functioning (p<0.01), and visual memo- 
ry (p<0.05) were observed according to 
education level, but the interaction ef- 
fects between gender and age were not 
statistically significant (Table 4). As 
shown in Fig. 1, low and standard 
scores changed according to education- 
al level. In the JES group, low MMSE 
scores increased with the level of educa- 
tion, but standard MMSE scores de- 
creased. In the SES group, the trends 
observed in the JES group were not 
found. Differences between area of resi- 
dence and the interaction effect be- 
tween residence and age were not statis- 
tically significant, and cause of visiting 
had not showed any statistical signifi- 
cance in any neurocognitive outcomes 
and CDR score. 

Relationships of neurocognitive 
outcomes between and among 
clinical variables 

Loss of consciousness had not shown 
any statistical significance in any neu- 
rocognitive outcomes, and the interac- 
tion effects between loss of conscious 
and age were not statistically signifi- 



Table 2. Clinical characteristics of the 1 62 subjects 



Variables 

Causes of head injury 
Car accident 
Pedestrian accident 
Industrial calamity 
Other 

Main types of head injury* 
Cerebral hemorrhage 
Cerebral hematoma 
Cerebral contusion 
Cerebral concussion 
Diffuse axonal injury 
Unknown 

Loss of consciousness 
Yes 
No 

Operation 
Yes 
No 

Comorbidity 
Yes 
No 

Hospitalization 
Yes 
No 

Time interval between head 
injury and assessment (mo) 

Mean±SD 



JES (n=85, %) 

27 (16.4) 
43 (26.5) 
15 (9.3) 
0 (0.0) 

62 (49.2) 
11 (8.7) 
53 (42.0) 

7 (5.5) 

9(7.1) 
13 (10.3) 

60 (37.0) 
25 (15.4) 

33 (20.4) 
52 (32.1) 

61 (37.7) 
24(14.8) 

85 (52.5) 
0 (0.0) 



20.33131.16 



SES(n=77,%) Total (n=162,%) 



25(16.8) 

45 (27.8) 
5(3.1) 
2(1.2) 

58 (46.0) 
8 (6.3) 
38 (25.3) 
49(3.1) 
6(4.7) 
7(5.5) 

46 (28.4) 
31 (19.1) 

31 (19.1) 
46 (28.4) 

46 (28.4) 
31 (19.1) 

77 (47.5) 
0 (0.0) 



21.52±38.86 



52 (33.2) 
88 (54.3) 
20 (12.3) 
2(1.2) 

120 (95.2) 
19(15.0) 
91 (67.3) 
11 (8.6) 
15(11.8) 
20 (15.8) 

105 (64.8) 
57 (35.2) 

64 (39.5) 
98 (60.5) 

107 (66.0) 
55 (34.0) 

162 (100.0) 
0 (0.0) 



20.90±34.92 



'Multiple counted ratio of main types of head injury. JES : junior elderly subjects, SES : senior elderly subjects, n : 
number of subjects, SD : standard deviation 



Table 3. Comparison of neurocognitive outcomes between groups according to gender 

Males (mean±SD) 



Variables 

JES (n=59) 

General mental state (MMSE) 



Females (mean±SD) 



SES(n=56) Total (n=115) JES (n=26) SES (n=21) Total (n=47) 



p-value* p-value* 



Low score 


19.19±6.47 


18.87±6.63 


19.03±6.52 


15.8117.12 


12.2417.22 


14.2117.31 


0.023 


0.505 


Standard score 


-4.66±4.10 


-4.75±4.26 


-4.7114.16 


-5.0713.97 


-7.1014.92 


-5.9814.49 


0.128 


0.115 


Attention 


-1.65±1.57 


-0.84±1.50 


-1.2511.58 


-1.4812.82 


-1.8611.65 


-1.6512.66 


0.117 


0.201 


Confrontational naming 


-1.80±2.49 


-1.82±2.07 


-1.8112.28 


-2.9612.03 


-3.3311.67 


-3.1311.87 


0.002 


0.491 


Visuospatial functioning 


-5.54±4.63 


-3.86±3.61 


-4.7214.23 


-5.7315.31 


-4.3214.12 


-5.1014.82 


0.532 


0.316 


Verbal memory 


-2.15±1.03 


-1.87±1.34 


-2.0111.20 


-2.2611.04 


-2.2010.88 


-2.2310.96 


0.408 


0.393 


Visual memory 


-1.75±1.29 


-1.63±1.01 


-1.6911.16 


-1.9010.69 


-1.9910.99 


-1.9410.83 


0.081 


0.297 


Generative naming 


-1.54±0.94 


-1.65±0.94 


-1.5910.94 


-1.7010.62 


-2.4310.65 


-1.9510.71 


0.033 


0.106 


Inhibitory control 


-2.96±1.59 


-2.68±1.60 


-2.8411.60 


-3.0811.65 


-3.8611.27 


-3.3911.54 


0.120 


0.204 


CDR score 


1.52±0.96 


1.50±0.85 


1.5110.91 


1.7311.13 


1.9311.09 


1.8211.10 


0.059 


0.526 



*p-value for main effect between gender, Vvalue for interaction effect between age group and gender. CDR : Clinical Dementia Rating, JES : junior elderly subjects, 
SES : senior elderly subjects, n : number of subjects, SD : standard deviation, MMSE : Mini Mental State Examination 
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tion effects between loss of conscious and age were not statisti- 
cally significant. 

Predicting value of demographic and clinical variables 
for neurocognitive and functional outcomes 

Multiple regression analyses among neurocognitive outcomes, 
demographic, and clinical variables showed some statistical sig- 
nificant results as shown in Table 5. At low score of MMSE, 
13.5% of variance was explained by the gender (p<0.01) and 
16.5% of variance at standard score of MMSE was explained by 
the gender and education (p<0.001). A 14.8% of variance at 
confrontational naming variable was explained by the gender 
and education (p<0.01), and 16.8% of variance at visuospatial 
functioning variable was explained by education (p<0.001). In 
memory ability, 11.8% of variance of verbal memory was age, 
education, comorbidity (p<0.05) and 10.4% of variance at visu- 
al memory variable was explained by cause of visit (p<0.05). 

Logistic regression analysis for functional outcome by demo- 
graphic, clinical variables and neurocognitive outcomes showed 
some statistical significant results as shown in Table 6, and edu- 
cation (odd ratio=0.781, 0.663-0.921, £<0.01), standard score of 
MMSE (oddratio=0.701, 0.551-0.893, p<0.01), and visuospatial 
functioning (odd ratio=0.776, 0.616-0.978, p<0.05) showed sta- 
tistically significant results. 

DISCUSSION 

Clinicians treating patients often make therapeutic decisions 
based on their assessment of prognosis. An accurate prognostic 
evaluation is important when selecting specific methods of 
treatment, deciding whether or not to discontinue treatment, 
and when counseling patients and relatives 16 '. For disability 
evaluation to determine indemnification or compensation for a 
loss, widely accepted prognostic factors for TBI treatment could 
be a gold standard for making a decision acceptable and fair to 
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Fig. 1. Distribution of MMSE low and standard scores according to years 
of education. JES : junior elderly subjects, SES : senior elderly subjects, 
MMSE : Mini Mental State Examination. 
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Table 5. Multiple linear regression analysis for neurocognitive and functional outcomes 



Markers/ 
Covariates 








Parameter estimate (standard error), Rvalue 






Low score of 
MMSE 


Standard score 
ofMMSE 


Attention 


Confrontational Visuospatial 
naming functioning 


Verbal 
memory 


,„ , Generative 
Visual memory 

naming 


Inhibitory 
control 


CDR 


Gender 
(ref. female) 


4.704(1.204) 
<0.001 


1.990 (0.715) 
0.006 




1.571 (0.379) 
<0.001 




0.406 (0.185) 
0.030 




-0.362 (0.173) 
0.038 


Age 










0.031 (0.015) 
0.039 








Education 




-0.371 (0.073) 
<0.001 




-0.081 (0.039) -0.284(0.075) 
0.040 <0.001 


-0.046 (0.020) 
0.023 




-0.091 (0.032) 
0.005 




Residence 
(ref. rural) 


















Cause of visit 
(ref. treatment) 












0.414 (0.193) 
0.033 






LOC(refNo) 
















0.381 (0.175) 
0.031 


Comorbidity 
(ref. No) 










0.438 (0.198) 
0.029 








Operation 
(ref. No) 




















R 2 =0.135, 
p=0.004 


R 2 =0.165, 
p<0.001 


R 2 =0.135, 
p=0.692 


R 2 =0.148, R 2 =0.168, 
p=0.002 p<0.001 


R 2 =0.118, 
p=0.012 


R 2 =0.104, R 2 =0.047, 
/>=0.042 £=0.610 


R 2 =0.103 
p=0.140 


R 2 =0.118, 
p=0.281 



MMSE : Mini Mental State Examination, LOC : loss of consciousness, CDR : Clinical Dementia Rating 



all interested parties. However, there is wide variety of opinions 
and research findings about prognosis after TBI as well as great 
variability in the quality of research 21 . These include patient age, 
clinical findings indicating the severity of brain injury (e.g., the 
depth and duration of coma or other neurological abnormali- 
ties), and the results of investigative and imaging studies, particu- 
larly intracranial pressure and computed tomography scanning, 
which disclose the nature of the brain injury and its effects on in- 
tracranial dynamics. Even though there is little doubt regarding 
the importance of these features, there are still debates about the 
precise nature of their relationships and exactly how these differ- 
ent factors should be assessed, categorized, and utilized 3 '. 

The most widely used variables or demographic characteris- 
tics of patients with TBI are age, gender, race and culture, pre- 
morbid mental abilities, education level, and premorbid per- 
sonality and social adjustment. In particular, older adult show 
less improvement 1 year after TBI than younger ones, have a 
greater number of complications including subdural hemato- 
mas, and are less likely to survive a severe injury 14) . Although 
advanced age at the onset of TBI is a severe risk factor, it does 
not significantly affect some areas of disability evaluation. Dec- 
rements or impairment of neurocognitive outcomes in old aged 
patients with TBI are evaluated in the context of normal neuro- 
cognitive aging processes by comparison to healthy individuals 
in the same age range. Consequently, clinician should con- 
cerned to not a onset age of TBI but a difference from a normal 
neurocognitive aging process of old aged patient with TBI when 
performing a disability evaluation. 

In the present study, we compared junior elderly and senior 
elderly patient with TBI to explore the effects of normal aging. 



Table 6. Odds ratios for functional outcome 



Marker/Covariate 



OR, (95% CI),/>-value 



Gender (ref. female) 
Age 

Education 

Residence (ref. rural) 
Cause of visit (ref. treatment) 
LOC (ref. No) 
Comorbidity (ref. No) 
Operation (ref. No) 
Standard score ofMMSE 
Attention 

Confrontational naming 
Visuospatial functioning 
Verbal memory 
Visual memory 
Generative naming 
Inhibitory control 



0.378, (0.096, 1 
1.015, (0.917, 1 
0.781,(0.663,0 
1.193, (0.355,4 
1.463, (0.441,4 
0.433, (0.106, 1 
1.161,(0.312,4 
2.089, (0.612, 7 
0.701,(0.551,0 
0.956, (0.678, 1 
0.793, (0.550, 1 
0.776, (0.616, 0 
0.645, (0.318, 1 
2.134,(0.925,4 
1.221, (0.518, 2 
0.846, (0.517, 1 



498), 0.166 
123), 0.777 
921), 0.003 
003), 0.776 
851), 0.534 
773), 0.244 
329), 0.824 
130), 0.240 
893), 0.004 
347), 0.797 
143), 0.214 
.978), 0.032 
309), 0.224 
924), 0.075 
876), 0.648 
385), 0.507 
odds ratio, LOC : 



Values in the parentheses are 95% confidence interval (CI). OR : 
loss of consciousness, MMSE : Mini Mental State Examination 



The age of 55-65 years maybe a starting point of normal neuro- 
cognitive aging given that most neurocognitive functions of in- 
dividuals this age are poorer than those of young adults. Results 
of the comparison between junior and senior elderly patients in 
the present study did not show significant differences among 
neurocognitive outcomes even for low MMSE scores. Almost 
all (92.6%) of the recruited patients were employed and would 
therefore need to undergo evaluation to determine how much 
compensation they would receive for their disability. Since pre- 
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morbid unhealthy patients were excluded from our study, indi- 
viduals undergoing disability evaluation were more active and 
healthy than most people of the same age. Furthermore, rela- 
tionship between neurocognitive outcome and age were signifi- 
cant minimally, and verbal memory was affected or decreased 
by the onset age of TBI. Thus, though the evaluation of neuro- 
cognitive outcome was administrated and interpreted based on 
patient age or using age corrected norms, the onset age of TBI 
should be disregarded partially for old aged individuals. 

Gender-related differences between the groups were identified 
for the low MMSE scores as well as the standard scores for con- 
frontational naming and generative naming. Altogether, above 
10% of the variance in neurocognitive functions was associated 
with gender, and male patients scored higher in these areas. 
Functional outcome using CDR showed similar results. The re- 
sults of TBI outcomes are reported according to gender in only a 
small percentage of the published literature, but a quantitative 
review of those studies revealed that worse outcomes are ob- 
served in women after TBI 71 . 

Standard MMSE scores corrected for age, gender, and educa- 
tion level did not show any significant difference. Thus, differ- 
ences in low MMSE scores between genders was not a prognos- 
tic factor for recovery after TBI unlike gender difference in 
normal aging 1,9 '. However, differences between genders in ver- 
bal abilities assessed by confrontational and generative naming 
could be considered a prognostic factor unlike a common sense 
about gender difference. Gender-associated differences and in- 
dividual test performances in the context of neurocognitive dif- 
ferences between the genders must nevertheless be interpreted 
with caution 14 '. 

Next to age, the most widely accepted prognostic factor is edu- 
cation level. Higher levels of education are associated with great- 
er cognitive functioning and decreased susceptibility to demen- 
tia 24 '. But almost of criteria for dementia or dementia status in 
South Korea have not used statistically standardized comparison 
norms considering gender and education level. Low MMSE 
scores did not show any significant difference among education- 
al levels, but significant differences in standard MMSE scores 
were observed, had significant trends with higher at education 
level, and old aged patients with higher education level showed 
lower standard score at same a low score. Furthermore, signifi- 
cant differences in attention, visuospatial functioning, and visu- 
al memory were observed according education level and almost 
of neurocognitive functions were affected by education level. 
Those results had replicated the prognostic value of education 
level about adult study 10 '. 

Another demographic factor did not show any congruently 
significant differences or relationship. The cause of visit (dis- 
ability evaluation group versus disability evaluation appointed 
group after treatment) did now show significant difference each 
other, but explained some variances of visual memory perfor- 
mance. Adult patients that had undergone disability evaluation 
after TBI showed differences in neurocognitive outcomes ac- 



cording to the cause of visit, and showed lower performance 
than the treatment group (patients who were scheduled to un- 
dergo disability evaluation after recovering from TBI). This 
suggested that disability evaluation process has an effect on the 
test- taking attitude or will affect the attitude of the clinician ad- 
ministering the test or the patient actually taking the test inten- 
tionally or unintentionally 20 '. Therefore, clinicians should not 
assume that old aged patients with TBI are "faking" their symp- 
toms or injuries as adult patients with TBI, but assume that they 
could faking their performance in a test set available visual 
feedback. 

An examination of head injury causes with respect to age 
demonstrated that there were an increased proportion of inju- 
ries secondary to falls and pedestrian accidents with advanced 
age. The primary etiology of TBI among old aged patients was 
falling. Certain age-related medical conditions may predispose 
individuals to falling. Cognitive impairment is also a significant 
risk factor for falls. This may be due to both decreased safety 
awareness and increased use of psychotropic medications 13 '. In 
a prospective study of the Traumatic Coma Data Bank 3 ', motor- 
vehicle accidents were the cause of injury in 55% of patients 15- 
25 years old whereas only about 5% suffered falls. In contrast, 
45% of patients over 55 years old suffered falls and only about 
15% were in motor- vehicle accidents. However, falling as a 
mode of injury did not appear to be an independent predictor 
of poor outcomes. Older patients have poor outcomes com- 
pared to younger individuals regardless of the cause of injury. 
However, in our study 87.5% of head injuries were caused by 
car accidents (33.2%)' or 'pedestrian accidents (54.3%)'. Sub- 
jects of our study had an occupation and had undergone dis- 
ability evaluation or were appointed to do so. Therefore, the 
cause of head injury does not appear to be a suitable prognostic 
factor for the disability evaluation process of old aged patients 
with TBI. 

Utilization of clinical prognostic factors such as the type of 
brain injury, GCS scores, or other characteristics is limited for 
old aged patients. The GCS was developed by Teasdale and Jen- 
nett 22 ' in 1974 as an objective measure of the level of conscious- 
ness. Since then, a number of studies have confirmed a fairly high 
degree of inter- and intra-rater reliability of the GCS among ob- 
servers with a wide variety of experience levels 3 '. Classical clini- 
cal features with prognostic significance for patients with TBI 
include age, GCS scores, pupil reactivity, brainstem reflexes, 
and the presence of post-traumatic hypotension. Many patients 
today arrive at the hospital already intubated, paralyzed, and 
ventilated. An accurate estimation of changes in GCS scores 
during the initial hours after trauma is therefore often difficult 
to obtain. In a survey of patients with severe and moderate head 
injuries conducted by the European Brain Injury Consortium, 
the full GCS scores were only testable for 56% of patients upon 
admission to neurosurgery 17 '. In our study, 64.8% of subjects 
had a loss of consciousness, 66.0% of subjects had comorbidity, 
but they did not showed any significant difference at neurocog- 
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nitive outcomes. In 39.5% of subjects with operation, they had 
showed lower performance at confrontational naming, only 
than had not operated. Functional outcome of old aged patient 
with TBI were assessed by intensive interviews based on evalu- 
ated neurocognitive outcomes as CDR and lead to a final deci- 
sion of disability evaluation compromising all of data acquired 
in evaluation process. In those final process, gender, LOC, stan- 
dard score of MMSE, education and visuospatial function were 
adopted by critical marker. 

CONCLUSION 

The present study showed a relationship among demograph- 
ic, clinical variables, neurocognitive outcomes, and functional 
outcomes as prognosis factors for old aged patients with TBI 
undergoing or directed to undergo disability evaluation after 
treatment. Gender, LOC, and education level were found have a 
significant impact on determining the prognosis of these indi- 
viduals. Gender should also be carefully considered as a mean- 
ingful prognostic factor. Furthermore, onset age of old aged pa- 
tients with TBI should be disregarded partially for old aged 
individual using age corrected norms. Unlike adult patients 
with TBI under disability evaluation, old aged patients with TBI 
had not affected by disability evaluation itself for compensation, 
but assume that they could faking their performance in a test 
set available visual feedback. In a previous study of adult pa- 
tients with TBI 10 ' comparisons were made according to TBI se- 
verity based on the GCS. For old aged individuals, comparison 
of GCS scores and other clinical variables was limited because 
the caregivers or guardians of these patients were also old aged 
and could not provide an accurate medical history. Therefore, 
further studies should be conducted to identify prognostic fea- 
tures based on the results of medical examinations such as CT 
scanning, information with important therapeutic implications 
for operative intervention, and indications for intracranial pres- 
sure monitoring would include for providing information con- 
cerning prognostic significance. 
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